We reported earlier the occurrence of a unique o-diphenoloxidase in Mycobacterium leprae recovered from lepromatous human tissues. No other source of M. Ieprae for biochemical studies was available at the time. In the present report, properties of phenoloxidase in M. Ieprae separated from infected armadillo tissues are presented. The results show that the o-diphenoloxidase remains unaltered in the passage of the bacilli from the human to the animal host, indicating that the enzyme is an intrinsic characteristic of the leprosy bacteria.
We reported earlier the occurrence of a unique o-diphenoloxidase in Mycobacterium leprae recovered from lepromatous human tissues. No other source of M. Ieprae for biochemical studies was available at the time. In the present report, properties of phenoloxidase in M. Ieprae separated from infected armadillo tissues are presented. The results show that the o-diphenoloxidase remains unaltered in the passage of the bacilli from the human to the animal host, indicating that the enzyme is an intrinsic characteristic of the leprosy bacteria.
The only information available in literature on the metabolic properties of Mycobacterium leprae is a series of studies we reported using concentrates of organisms separated from lepromatous human tissues (8) (9) (10) (11) (12) (13) (14) (15) . No authenticated culture of the bacillus is as yet available, and until recently no immunologically unimpaired animal model was known which, when inoculated with the leprosy bacteria, develops the heavy systemic form of the disease. Now it has been shown that M. Ieprae produces disseminated leprosy in the nine-banded armadillo (Dasypus novemcinctus Linn.) (2) . We found that organisms separated from lepromatous human tissues contain an unusual form of the enzyme o-diphenoloxidase (o-diphenol:oxygen oxidoreductase [EC1.10.3.1]). The o-diphenoloxidase occurring in mammalian melanocytes oxidizes L-dopa (3,4-dihydroxyphenyalanine) to dopachrome (2-carboxy-2,3-dihydroindole-5,6-quinone). Dopachrome is characterized by an absorbance maximum at 475 nm in the spectrum (5). The mammalian enzyme shows little activity towards D-dopa or derivatives of dopa like epinephrine and norepinephrine. The enzyme in M. leprae converted both D-and Ldopa to indole-5,6-quinone and also oxidized a variety of phenolic substrates to quinones (11) . Indole-5,6-quinone is distinguished from dopachrome by its absorbance maximum at 540 nm (5) . Since at the time of our earlier studies lepromatous human tissues were the only sources of M. leprae for biochemical studies, it was not possible to ascertain whether phenoloxidase is a constitutive enzyme in the bacillus or an enzyme induced by the milieu in which the organism proliferates. The present report deals with the o-diphenoloxidase of M. leprae separated from infected tissues of armadillos. The results show that the o-diphenoloxidase is a constitutive enzyme in M. leprae, which remains unaltered in the passage of bacilli from the human to the animal host.
MATERIALS AND METHODS
Organisms. Concentrates of M. leprae were separated from infected liver of armadillos. The tissues were collected aseptically and kept frozen at -20 or -80 C. The preparative procedure has been described earlier and is carried out at 0 to 2 C (8, 13). It involves homogenization of the tissue and differential and density gradient centrifugations of the homogenate in inert solutions, such as those of sucrose and KCI. The bacilli were disrupted by ultrasonic oscillation (12) . Some preparations of the bacilli were treated with trypsin, acetone, ether, and dilute NaOH to remove any host tissue materials adsorbed superficially. These treated organisms also readily oxidized dopa. Liver tissue by itself did not oxidize either L-or D-dopa. In bacilli recovered from tissues of animals which had been dead for several hours, phenoloxidase was very low and rather inconsistent. Prolonged storage of the tissues at -20 or -80 C also resulted in considerable loss in the activity of the enzyme in the bacteria.
Enzymes. Lyophilized mushroom tyrosinase (odiphenoloxidase) was Table 1 . Mushroom tyrosinase as well as M. Ieprae recovered from armadillo tissues converted both D-and L-dopa to quinone at the same rate and also oxidized epinephrine and norepinephrine. These data are in agreement with those obtained with bacilli from human tissues (11) . Mammalian tyrosinase oxidized L-dopa; however, it was inactive towards D-dopa and the catecholamines. Epinephrine undergoes rapid auto-oxidation at pH 6.8; to avoid this, the reaction was carried out at pH 6.5. Table 2 illustrates the oxidation of tritium-labeled dopa by M. leprae obtained from the armadillo. Heating the bacilli at 100 C for 30 min produced considerable loss of activity, indicating that the enzyme is labile, although some residual activity was still present.
The effect of reducing agents on odiphenoloxidase from different sources is presented in Table 3 . Reduced glutathione, ascorbic acid, and cysteine completely inhibited plant and mammalian tyrosinases. Reducing agents are known to be inhibitors of tyrosinase (3) . However, these compounds showed little effect on the phenoloxidase of M. Ieprae. The bacilli used had been disrupted by ultrasonic oscillation. As such, the results observed are not due to the permeability barrier of the bacterial cell membrane. Apparently the active site of the enzyme in M. leprae is not readily accessible to the inhibitors, unlike in plant and mammalian tyrosinases. This phenomenon is further borne out by data on the effect of metal chelators on the enzyme from different sources, which are presented in Table 4 . o-Diphenolkidase is known to be a copper protein (4) . Cyanide is a potent inhibitor of metallo enzymes. Diethyldithiocarbamate (DDC) and pencilla- The data presented above are in agreement with our earlier studies using M. leprae separated from lepromatous human tissues (8, 10) . These findings confirm that o-diphenoloxidase activity is an intrinsic characteristic of the leprosy bacillus. The results also provide additional evidence that the bacteria recovered from the infected armadillos are in fact M. leprae. So far, we have detected oxidation of dopa by bacilli separated from skin nodules, liver, and spleen of armadillos, footpads of mice, and skin nodules, spleen, and testes of leprosy patients. No other mycobacteria have shown phenoloxidase activity (1) , and the enzyme could not be induced in cultivable mycobacteria by adding a phenolic substrate to the culture medium (10) .
The exact metabolic role of this unusual enzyme in the survival and proliferation of the leprosy organism still remains to be elucidated.
